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Patients with severe temporomandibular
joint (TMJ) problems may benefit from a
total TMJ prosthesis where other solutions
are no longer feasable. Because non of the
existing TMJ prostheses has proven to
function properly, the development of a
TMJ prosthesis was started.
Although many TMJ patients have
bilateral complaints, it is believed that in
most cases the complaints started at one
side. Dr"re to the direct coupling between
both TMJs, malfunctioning of one side
necessarily affects the opposite TMJ, whiclr
then may start to cause complaints as well.
It is expected that when the dysfunctioning
TMJ is replaced by a properly functioning
TMJ prosthesis, the opposite TMJ could be
saved. Further, this prosthesis should be
safe and have a long lifetime. The aim of
the study was to develop a safe and
properly functioning TMJ prosthesis with a
long lifetime.
As a start, in chapter 2, existing TMJ
prosthcses are analyzed by a review of the
literature, and some requirements for TM.T
prostheses are postulated. It is found that all
appiied prostheses lacked translatory
movements of the prosthetic condylar head,
especially in the anterior direction. For a
unilateral TMJ prosthesis, this may cause
dysfunction of the non-replaced
contralateral, natural TMJ. TMJ prostheses
should therefore irnitate the anterior joint
movement during mouth opening and also
allorv some medial-lateral movement. For a
long l i fe t ime.  a low wcar rate is  a
prercquisite, and a TMJ prosthesis should
combine the requiled motions with a low
wear rate. Carcful attention should be eiven
to the fit to the the skull, because there is no
generally accepted method for fitting the
prosthesis to the skull. Further, it is found
that screw fixation is an appropriate method
for hxation of the prosthesis to the bony
structures. To confirm a good clinical
perforïnance of a TMJ prosthesis, long-term
follow-up studies are necessary.
In chapter 3, the concept of an "inferiorly
located" center ofrotation is introduced and
evaluated. The anterior condylar translation
during mouth opening is imitated in part by
a hxed center of rotation (CR) located
inferiorly of the center of the mandibular
condyle. The optimal location for the CR is
determined by using a mathematical model,
simulating the mandibular movements for a
unilateral TMJ prosthesis (one TMJ
replaced, one TMJ not replaced). The three-
dimensional mandibular movements, and
thus the movements of the contralateral
TMJ, are calculated and evaluated for
different locations of the CR.
The mandibular otation in the horizontal
plane appears to be the key parameter. For
current TMi prostheses, with the CR
located in the center ofthe natural condyle,
the rotation in this plane exceeds the natural
limits. By shifting the CR inferiorly, the
rotation in the horizontal plane in particular
is improved.
It is concluded that the functioning ofthe
contralateral TMJ improves by shifting the
CR inferiorly. An anterior shift may be
added to remain within the contour of the
mandibular ramus. The proposed location
of the CR is 15 mm inferior to the center of
the condyle, combined, if necessary, with
an additional anterior shift of 5 mm.
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In chapter 4, the influence ofthe location of
the CR on the loading of the non-replaced
TMJ is determined, as well as the maximum
loading of the prosthesis itself. For this
purpose, a three-dimensional mathematical
model of the mandible with a unilateral
TMJ prosthesis is developed. The location
of the CR of the TMJ prosthesis is varied
from the middle of the mandibular condyle
to 15 mm inferiorly of this location.
Although the maximum joint reaction
forces changes as a result of a unilateral
TMJ prosthesis, the trend of the loading
curves is similar to those of an intact
mandible. A unilateral TMJ prosthesis
results in a 50%:o higher loading of the
prosthetic side while the load on the natural
contralateral TMJ remains within normal
limits. The maximum load on the prosthetic
side occurs during molar bites and is
approximately 100 N. The location of the
CR does not have a significant influence on
these resuits.
ln chaplers 5 and ó, the prosthesis
articulation is designed and tested, based on
the optimal location of the CR and the
calculated maximum loading of the
prosthesis. The prosthesis articulation has a
lower and an upper articulation, just like the
natural TMJ. The lower articulation consists
of an S-mm diameter spherical head (ball)
on top of  lhe mandibular  pan.  rotat ing in  arr
enveloping ultra-high molecular weight
polyethylene (UHMWPE) disc, with a
thickness of 5 mm. The upper articulation is
formed by the flat cranial side of the disc,
which translates against the opposing flat
caudal side of the skull part, giving the
mandible freedom to rnake ísmall)
translatory movements. The in-vivo wear
rate of this "double" articulation is
predicted from in-vitro wear tests.
The wear rate of the lolver articulation is
determined by in-vitro wear tests, with a
stainless-steel ball rotating against an
UHMWPE disc in a serum-based lubricant.
For  val idat ion of  the test ing appararus a
second disc rnaterial, polytetraflr.roro-
ethylene (PTFE) is added, as is a second
lubricant, deionized water. Both disc
materials are tested in both lubricants. The
wear rate of the upper articulation is
calculated from the test results of the lower
articulation.
In water, the wear rate is unrealisticly
low. As expected, PTFE wears much faster
than UHMWPE, regardless of the lubricant
used. The expected in-vivo total rvear rate
of the disc is 0.65 rnmt per year,
corresponding with a yearly decrease of
disc thickness of less than 0.01 n.rm. Tl-rese
values are considered acceptable.
In chapter 7, a method for fitting the TMJ
prosthesis to the skull is presented. The
skull is fitted with two connected stock
pafts, a fitting rnember against the arlicular
eminence and a basic part against he lateral
side of the TMJ. The fitt ing member is
rotationally connected to the basic pafi, so
that it can "adjust" to the skull by rotation.
It is tested whelher it is possible to achieve
a close ht to the skull with this design with
a minimum number of parts.
From measurements of the rclet'ant
dimensions of 20 dry skulls, the dimensions
of tlie parts are derived, leading to a set of
four different basic parts and three different
fitting rnembers. The fit of prototypes is
tested by nreasuring the maximum gap






























The average maximum gap between
fitt ing member and skull is 0.20 mm, with a
range from 0.11 mm to 0.43 mm. It is
concluded that a close fit to the skull can be
achieved with two connected stock parts
and a total number ofseven parts.
Improving the stability of screw fixation by
eliminating the freedom of movement
between screws and device is described in
chapter 8. Two systems are developed for
"rigidly connecting" small bone screws to
ar.r implantable device. For system A, a
fixing disc locks tl.re screw-head. For
system B, the thread of the screw locks
directly into the device. These systems are
compared by static and dynamic stability
tests.
Both systems nrcet the required
minimum values for the static tests, while
dynamic loading will not cause movements
between screw and device. It was concluded
that both systems are stable. System B was
preferred because this method is more
simple to fabricate and to implant than
system A.
Prior to patient application, in chapter 9, the
in-vivo safety and functionality of the TMJ
prosthesis i  tested in an animal model.
In 14 sheep, the right TMJ was replaced
by a TMJ prosthesis. The prosthesis
consisted of a skull paft, a rnandibular part
and an intervening UHMWPE disc. ln the
first series (6 sheep), three designs were
tested, rvhich differed in the applied metals
(stainless teel or titar-riurn) and in the fitting
method of the skull part (a fitting rnember
or bone cement). The sheep were sacrified
after 8-16 weeks. ln the second serics (8
sheep), the titanium-fitting member design
was chosen, and the sheep were sacrified
after 2-10 weeks. One sheep was excluded
because no correct position ofthe prosthesis
parts could be achieved. At sacrifice, the
surrounding soft tissues were harvested for
histological examination, and the torque
necessary to remove the screws was
measured.
The sheep recovered well and functioned
until the end of the scheduled date of
sacrifice. Encountered problems were two
disc dislocations, one frstel formation, and
one screw failure. The younger sheep
showed ectopic bony formation. All
mandibular parts were clinically stable, as
were most skull parls with fitting member,
and one of both skull parts fitted with bone
cement. This observation is confirmed by
the removal torque values, which indicate
well integrated screws.
It is concluded that the TMJ prosthesis
can function safely in sheep. Because the
design of the sl.reep TMJ prosthesis is
comparable to the human prosthesis, it
seems safe to start patient application.
Finally, in chapter 10, the outcomes of all
studies are combined and the design of the
"Groningen TMJ prosthesis" is presented.
The basic properties of the design are
irnitation of anterior condylar translation by
an inferiorly iocated center of rotation,
unrestricted mandibular movements by a
double articulation, correct ht to the skull
by a self-adjusting skull part consisling of
two comected parls, and stable fixation by
bone screws which are risidlv connected to
the prosthesis parts.
The prosthesis consists of a titanium-
zi rconiunroxide skul l  par t ,  a  t i tan ium








spherical head, and aÍr
UHMW?E disc. The skull and mandibular
parts are both fixed by titanium-alloy bone
screws. For all prosthesis parts, there are a
number of differently shaped parts.
The tests, described in the previous
studies, show a low wear Íate, the
possibility of a close fit to the skull, a stable
fixation, sufficient mechanical strength, and
appropriate choice of materials.
The present PhD-thesis shows that the
developed TMJ prosthesis combines proper
functioning and safety, and offers a good
starting-position for a long life-time. In
conclusion, the Groningen TMJ prosthesis
is ready for human application and awaits
careful clinical evaluation.
